A case study was conducted to assess the efficacy of online communication tools for enhancing independent student engagement in a first-year undergraduate class. Material relevant to course topics was shared with students through three communication platforms and data were extracted to measure student engagement. A questionnaire was also used to validate online data and determine why students chose a particular platform. Online results revealed that more than half of the students engaged with at least one post to some degree through one or more communication platforms. Facebook was the primary platform for student engagement. Students primarily engaged with material on Facebook by "liking" posts and used Facebook to share relevant material that they came across personally. There was no significant difference in student engagement with shared material between instructor-shared and student-shared posts, although Facebook engagement was 29% higher when the instructor commented and/or liked a post 1 day after sharing. Questionnaire results suggested that 90% of all students engaged with material to some extent. Most students engaged with between 3 and 10 posts by seeing a post, clicking the associated link, and reading the material. The majority of students engaged through Facebook and felt most comfortable with this platform. Of those engaging at the highest level, 66% used Facebook. Convenience appeared to be the dominant reason for engaged students choosing a particular platform. Weakly positive relationships between academic performance vs. overall engagement and engagement level were apparent. This study suggests that Facebook can be used to enhance independent student engagement.
Introduction
Student engagement is critical for reaching a maximum educational experience at various educational levels (Sharan & Tan, 2008) , as engagement creates a pathway by which student motivation contributes to learning and development (Wellborn, 1991) . Generally, three aspects accompany engagement: behaviour, emotion, and cognition. While behavioural engagement is primarily about participation, emotional behaviour relates to the attitudes, values, and interests of students and cognitive behaviour is associated with student goals and student driven learning (Sharan & Tan, 2008) . Consequently, the depth of engagement and the associated impact on learning are a function of the degree that each of the aforementioned aspects of engagement is incorporated by a student.
The effects of Facebook on student engagement have been documented in a few studies, suggesting both negative and positive impacts. Kirschner and Karpinski (2010) reported that Facebook use amongst students resulted in lower GPA and time investment into academic endeavours. Junco (2011) reported that increased time spent on Facebook was negatively associated with engagement scale scores, although he noted that different aspects of Facebook resulted in different impacts (positive or negative) on student engagement. Positive effects of Facebook use on in-class engagement have also been documented (Wang, Lin, Yu, & Wu, 2013) . Although using Facebook without instructor guidance doesn't promote academic engagement (Wise, Skues, & Williams, 2011) , online student engagement in distance education settings where instructors are involved can be increased using Facebook (Esteves, 2012) . Furthermore, since students prefer the educational use of social media to be informal (Cain & Policastri, 2011; Chen & Bryer, 2012) , Facebook may also be used to optimize independent, extra-curricular student engagement. However, the efficacy of Facebook for enhancing the independent engagement of university students outside of core course requirements has yet to be quantitatively assessed.
Given that Facebook can serve positive roles in student engagement and academic experience, coupled with the fact that Facebook's impact on independent student engagement has received little attention, this study aimed to assess the efficacy of Facebook, in comparison to two other online communication tools, for enhancing independent student engagement in a first-year undergraduate class. Material relevant to course topics was shared with all students through three communication platforms-e-mail, Desire2Learn discussions, and Facebook. Quantitative data were extracted from each platform to measure the frequency of engagement and the level at which students engaged with additional material. A questionnaire was also used to validate the online data and determine why students chose a particular platform.
Method

Ethics Statement
This was an independent study and was not funded. Prior to data collection, this study was approved by the Research Ethics Board (REB File Number: 007-2015) at the University of New Brunswick Saint John (UNBSJ). Participants provided written informed consent prior to the study. To ensure that data could not be traced back to individual students, no personal information from participants was collected, the Facebook group (see section 2.2) was deleted upon completion of the project, and the questionnaires (see section 2.3) were submitted anonymously.
Experimental Description
During the Winter 2015 semester (January-April, 2015), a case study was conducted with students in the Biology 1202 (BIOL1202: Introduction to Marine Science) course to quantify the efficacy of online communication tools for enhancing independent student engagement. Additional online material (relevant to course) was shared with all BIOL1202 students through two communication platforms: institutional e-mail, Desire2Learn (D2L; learning management system) discussions. For those students interested, a course-specific Facebook group created by the instructor was also used to share additional material.
www.ccsenet.org/hes Higher Education Studies Vol. 5, No. 4; In contrast to e-mail and D2L, there were some privacy concerns for Facebook. To address these concerns, the Facebook group setting was set to "closed", in which the group administrator (course instructor) could control who was able join, participate, and post material in the group. Only students enrolled in the BIOL 1202 class were permitted to join the group; students who withdrew from the course were immediately removed from the group. Facebook posts could be viewed only by its group members, and members of the group were not permitted to share posts from the group page (an honoured guideline, not a specific setting). Figure 1 . Screenshots of an instructor-shared post of additional material shared on Facebook (A), D2L Discussions (B), and e-mail (C). Arrows highlight the 4 key components of each instructor-shared post: an instructor comment (1), probing questions to help guide critical thinking and student responses (2), a line to encourage engagement (3), and a URL link to additional information regarding a course topic (4)
While students were free to engage with the additional material through any communication platform, engagement with additional material was completely voluntary, was not associated with any bonus marks, and had no impact on a student's grade. Each post of extra material contained a URL link to additional information regarding a course topic along with an instructor comment, probing questions to help guide critical thinking and student responses, and a statement to encourage engagement; these components were identical across all three platforms ( Figure 1 ).
Data Collection and Analyses
Online Data
The extent of student engagement with additional material was quantified on each platform using the metrics available through each platform. An additional questionnaire was used to validate trends in the online data (see Section 2.3.2). Vol. 5, No. 4; Invitations to engage were sent/posted on e-mail, D2L and Facebook, and units of engagement were quantified as topic-relevant responses on that platform or as face-to-face interactions, during which the student identified the origin (i.e., platform) of the material. For email posts, the units of engagement were limited to the number of responses and face-to-face interactions. Responses to D2L discussions included the number of students who read posts, the number replies within a thread, and face-to-face interactions. On Facebook, engagement units included likes, comments, student posts, and face-to-face interactions. Responses to any platform that were not relevant to the shared material were not included. For example, if a student responded to an e-mail or post containing additional material with a question about course logistics (e.g., test date), it was not included in the analyses.
Given the diverse array of possible units of engagement on Facebook, an engagement index (EI)-a measure of engagement depth-was calculated for each student since the metrics of engagement on Facebook represent different levels of engagement. Likes (seeing and/or reading, but not necessarily thinking critically) can be considered a lower depth of engagement than comments (seeing, reading, and critically thinking). Student posts (finding/seeing, reading, critically thinking, and sharing with class) can be considered the highest level of engagement. I derived a formula to calculate a particular student's overall level of engagement by taking into account the level and frequency of engagement. Thus, EI was calculated for each engaged student as,
where "likes" is an individual student's total number of likes on instructor and student posts, "comments" is an individual student's total number of comments on instructor and student posts, and "posts" is the total number of posts that an individual shared on the Facebook page; "total number of Facebook posts" represents the total number of instructor and student posts combined.
Questionnaire Data
All students received a questionnaire during the final exam, which they submitted anonymously. The purpose of the questionnaire was two-fold: (1) to accompany and validate the online data (given that the quantitative metrics were not consistent across platforms); and (2) to understand why certain platforms may work better than others for enhancing student engagement.
Facebook Engagement and Academic Performance
To determine if there was a relationship between student engagement and academic performance, the total number of engagement instances and the EIs of individual students were assessed as a function of course grade and cumulative GPA. Although causal relationships were not determinable, such correlations can provide insight into the importance of engagement on academic performance or vice versa.
Additional Facebook Metrics
To assess the impact of follow-up instructor engagement on overall student engagement, I further engaged with half the Facebook posts (liked or commented on) one day after they were shared. Additionally, the platform used by each student engaging at the highest level was recorded. Average engagement per post and overall engagement were compared for instructor-shared vs. student-shared posts as well.
Statistical Analyses
All statistical analyses were conducted using R version 2.15.2 (R Development Core Team, 2012) with a significance level of α ≤ 0.05. Analysis of variance was used to detect differences in the average number of engagement instances per post between the three communication platforms, while a Tukey HSD post-hoc test (with Bonferroni correction) was used to determine individual significance. Student t-tests compared engagement instances between instructor-shared and student-shared posts, as well as engagement instances between posts that received further engagement by the instructor and posts that did not. Linear regression was used to test for significant relationships between individual student engagement (measured as that total number of engagement instances and EI) and academic performance (measured as cumulative GPA and final course grade).
For ANOVA, assumptions of normality and homoscedasticity were tested using Q-Q plots and Bartlett's tests, respectively, while normality for t-tests was tested using Q-Q plots. For regression analyses, assumptions of linearity, normality, and homoscedasticity were tested using component-residual plots, Q-Q plots, and non-constant error variance tests, respectively. No data violated the assumptions of their respective statistical tests.
Results
Online Results
General Engagement
A total of 26 posts were shared by the instructor on each of the three communication platforms. More than half of the students engaged with at least one post to some degree through one or more of the communication platforms (23 students; 58%), while 33% (13 students) of the class engaged with ≥4 posts.
Facebook emerged as the primary platform for student engagement. Total engagement via Facebook was more than 10 fold higher than any other platform ( Figure 2A ). ANOVA yielded significant differences in average engagement per post between platforms (F 2, 77 = 30.59, P < 0.0001), while a Tukey HSD post-hoc test revealed highest engagement on Facebook and lowest on D2L ( Figure 2B ). 
Facebook Engagement
Students primarily engaged with material on Facebook by "liking" posts (71 likes), although commenting with personal thoughts on posts was observed regularly (20 comments), as well as independently posting relevant material (18 posts). Instructor posts received a total of 32 likes, 11 relevant comments, and 2 face-to-face interactions (a total of 45 instances of engagement). Only 4 students engaged via e-mail, 3 of which responded to an e-mail post and 1 engaging in a face-to-face conversation. Students did not engage with additional material through D2L in any capacity (responses or face-to-face interactions; Figure 2A , B). Unlike e-mail and D2L, students not only utilized the Facebook group to engage with instructor-shared material, but also used it to share additional relevant material. A total of 18 links relevant to course material were shared by 9 students. There was no significant difference in student engagement with shared material between instructor-shared and student-shared posts (Student's t-test: t 25 = -0.4, P = 0.69; Figure 3A , B).
Follow-up instructor engagement appeared to enhance student engagement with additional material. The total number of students engaging with material on Facebook was 29% higher when the instructor commented and/or liked a post ( Figure 4A ). The trend was similar for the average number of students engaging per post, though not significant (Student's t-test: t 11 = 1.33, P = 0.21; Figure 4B ). The number of students posting and the total number of posts was highest for first-year students ( Figure 5A, B) , while the average number of posts per student was highest amongst the oldest academic year class ( Figure 5C ). Average engagement index tended to increase as academic year increased, with the exception of 4th year students ( Figure 5D ). Caution should be taken in the interpretation of these results, however, given that the class Vol. 5, No. 4; was predominantly first year students and sample sizes for later-year engaged students was low (only 1-2 students).
Questionnaire Results
Values reported in this section are a reflection of all students who answered a given question on the questionnaire. According to the questionnaire, overall student engagement was quite high, with 90% of all students claiming to have engaged with material to some extent (Table 1) . Of those students that claimed to independently engage with shared material, the majority (56%) engaged only with some of the material (3 to 10 posts), while 19% and 25% engaged with most (>10) and few (1-2) posts, respectively (Table 1) . With respect to the depth of engagement, the majority of students (75%) claimed to have engaged with material by seeing, clicking, and reading posts (Table 1) . Furthermore, 17% claimed to have engaged to the fullest extent by seeing, clicking, reading, and commenting/responding to posts, while 8% of engagers failed to read any of the additional content (either saw and clicked or simply saw posts) ( Table 1) .
Of those students who claimed to have engaged to some degree (engaged students) with additional material, 50% said that they used Facebook to engage with material, while 25% used a combination of Facebook and e-mail (Table 1 ). D2L and e-mail were used in isolation by 5.5% and 19% of engaged students, respectively (Table 1) . With respect to comfort, 53% of engaged students felt most comfortable engaging with material through Facebook and 30.5% felt that e-mail was most comfortable; only 2.5% felt D2L was most comfortable, while 14% felt comfortable using either Facebook or e-mail (Table 1 ). In general, more engaged students claimed to use Facebook and e-mail than D2L. Platform usage frequency was similar for Facebook and e-mail, with 70% and 71% of students using Facebook and e-mail, respectively, checking their respective platform more than once a day (Table 1 ). Facebook and e-mail were checked once a day by 22% and 29% of the students engaging through those platforms, respectively, while only 8% of students engaging through Facebook checked their account less than daily (Table 1) . Furthermore, of those students Vol. 5, No. 4; engaging at the highest level (in the questionnaire; saw, clicked, read, and responded), 66% used Facebook to engage with material, while 34% used either e-mail alone (17%) or a combination of Facebook and e-mail (17%); none of the students engaging at the highest level used D2L (Figure 6 ).
Convenience appeared to be the dominant reason for engaged students choosing a particular platform (90%) (Figure 7 ). Familiarity and comfort also appeared important in platform choice, accounting for 36% and 28% of responses, respectively (Figure 7) . Furthermore, of those students using Facebook and/or e-mail to engage, convenience appeared most important in choosing that platform, again followed by familiarity and comfort (Table 1) . However, for students using D2L, familiarity appeared most important in choosing D2L, followed by convenience and comfort (Table 1) . Only 1 student (2%) cited a completely different reason for choosing a particular platform (Facebook) , stating that the images accompanying the Facebook posts could inform him/her as to whether or not the post was interesting and relevant.
Although mobile notifications are available for all three communication platforms, far more students received mobile notifications from Facebook than both e-mail and D2L. Of those students who engaged, 81% subscribed to Facebook mobile notifications, while 48% and 24% of students subscribed to mobile notifications for e-mail and D2L, respectively (Table 1 ). Figure 6 . The total number (and associated percentage) of students engaging at the highest level (saw, clicked, read, and responded) using each of, or a combination of, the 3 communication platforms to engage with material (n = 7)
Facebook Engagement and Academic Performance
Academic performance was not significantly related to overall engagement or the level of engagement (EI) on Facebook, although a positive trend was apparent in all cases. A weakly positive relationship between student academic performance and the total number of engagement instances existed, however these relationships were insignificant ( Figure 8A-D) . Similarly, a weakly positive relationship between academic performance and EI existed. Cumulative GPA and course grade accounted for 12% and 6%, respectively, of the variation in total engagement instances, and 15% and 16%, respectively, of the variation in EI (Figure 8C , D). Figure 7. The total number of students selecting each of 4 reasons for choosing a particular platform to engage with additional material (n = 59; students could choose more than one response). Percentages represent the percentage of engaged students (36 students) choosing the associated response 
Discussion
The results of this study suggest that Facebook is a useful tool for enhancing independent student engagement, as the amount and depth of engagement was highest for students engaging through Facebook compared to e-mail and D2L. The positive effects of Facebook on student engagement have also been documented by Wang et al. (2013) and Esteves (2012) , although negative impacts of Facebook on engagement have been documented by others (Junco, 2011; Wise et al., 2011) . Students are thought to be engaging at the highest level when they are engaging behaviourally, emotionally, and intellectually (Sharan & Tan, 2008) . Given that the majority of students reported that they engaged by seeing, clicking, and reading a post, the majority of these students engaged with material primarily behaviourally; their intellectual engagement cannot be determined from these data. However, Facebook allowed 9 students (23%) to engage at the highest level by sharing material that they personally identified, read and thought about, and posted independently with their own thoughts (encompassing all three aspects of engagement), suggesting an enhanced degree of engagement. This finding is even more impressive in light of the fact that students were not given any grade reward for engaging with additional material. It has previously been reported that undergraduate students preferred Facebook over WebCT (Schroeder & Greenhouse, 2009 ) and Moodle (Deng & Tavares, 2013) to engage with online discussions. Given that more rigorous or substantiated engagement can lead to increased involvement with material (Coates, 2006) , providing bonus marks or a participation mark for independent engagement through Facebook may help to maximize student engagement at the highest level and further enhance comprehension. Ultimately, since engaging with material and discussions through online tools such as Facebook can aid in the development of student reflection and critical thinking (Burge, 1994; Whipp, 2003; Barnett-Queen et al., 2005; Chang, 2006) , Facebook may aid in the enhancement of these skills in situations where Facebook is an optimal engagement tool.
Given three detailed reasons for choosing a platform and an option to suggest other reasons on the questionnaire, students overwhelmingly cited convenience as the reason for using a particular platform. This finding not only has implications for using Facebook as a tool to enhance independent engagement, but provides insight into how an instructor, in general, can choose a platform to enhance engagement. For example, if the majority of a class does not use Facebook, then Facebook may not be an optimal tool for enhancing engagement in that instance. Instead, it would be most useful to choose a platform that the majority of the class is already engaged with on a regular basis. Although familiarity and comfort appeared to be important for some students, these reasons were cited far less than convenience. One student also cited the presence of images with the posts on Facebook for motivating them to engage, as the image provided insight into whether or not the post would be of interest to the student. Ultimately, a detailed understanding of class demographics with respect to online presence can help isolate a best-candidate platform for enhancing independent engagement in a given situation. Independent engagement has been suggested to be a passive process, with students typically showing low social and academic involvement with course material when required to engage independently (Coates, 2006) . However, the positive correlations between academic performance and the amount and depth of engagement through Facebook observed here suggest otherwise. It has been reported that intense engagement may be more beneficial for increasing learning than independent, passive engagement (Coates, 2006) . Thus, implementing Facebook as a rigorous, mandatory engagement platform may further elevate engagement and learning. However, this is speculative at best and requires more insight. Such an implementation may also be detrimental, as it could diminish the enjoyment of students engaging with material independently through Facebook. Multiple students expressed their pleasure with the Facebook group and its laid-back approach to presenting and engaging with material. Indeed studies have reported that Facebook serves well as an informal learning environment rather than a more formal environment (Cain & Policastri, 2011; Chen & Bryer, 2012) and so it is unlikely that the strict, mandatory use of Facebook would be beneficial for enhancing learning through student engagement.
One of the biggest benefits to using Facebook as an educational tool for enhancing student engagement and learning lies in its application to social learning theory (SLT). SLT suggests that learning occurs in both a cognitive and social context and that the incorporation of both contexts is necessary to maximize learning (Bandura, 1977) . Furthermore, SLT suggests that learners benefit from engaging directly with fellow learners, direct reinforcement, and being active recipients and providers of information (Bandura, 1977) . Given that students on the Facebook group who are sharing and commenting on information are receiving all three beneficial aspects of SLT, a high degree of learning can be fostered. Although students are able to engage to some extent through e-mail and D2L discussions, the faster communication and high degree of use that are associated with Facebook allow for stronger and more expedited reinforcement, theoretically optimizing learning. However, it is important to note that learning was not directly measured here, and that certain conditions are required for Facebook to foster positive academic benefits (Souleles, 2012) .
Interestingly, both the amount and level of engagement were positively correlated with academic performance (although these relationships were weak and insignificant), agreeing with the findings of a previous study (Carini et al., 2006) . The weakness of the relationships between engagement and performance, however, could mean that lower-performing students were indeed engaging with the material and may benefit from independent online engagement beyond the scope of academic scores. However, Kirschner and Karpinski (2010) reported that Facebook use amongst students resulted in lower GPA and time investment into academic endeavours. Furthermore, Wise et al. (2011) reported that Facebook use in itself (without academic guidance) did not promote academic engagement. Since students were somewhat guided in their use of Facebook in this study for academic purposes (though they were free to engage or not engage), it appears that instructor involvement is critical for insuring the successful use of Facebook in this capacity. Furthermore, the higher amount of student Vol. 5, No. 4; engagement with posts that were further commented on by the instructor reinforces this conclusion.
Although performance and engagement were correlated, it is not clear whether higher academic performance leads to enhanced engagement or vice versa. Given that the relationship between cumulative GPA (not including the grade from this course) and engagement was similar to that of course mark and engagement, and that fact that GPA-engagement relationships had a steeper slope than course grade-engagement relationships, it appears as though academic performance may dictate engagement. Further studies are needed, however, to elucidate specific causal relationships between these variables and better understand the role of engagement in modulating academic performance or vice versa.
Although a seemingly positive tool for enhancing overall student engagement, there are negative aspects of using Facebook in this manner. In this study, not all students joined and participated in the Facebook group. This can become a problem if instructors only use Facebook to share additional information. Although using Facebook may enhance overall engagement, individual student engagement could suffer if some students do not use Facebook. Other studies have reported similar problems with implementing Facebook as a learning tool, as uneven access can create a barrier for universal communication and outreach (Bosch, 2009 ). As such, educators must decide whether reaching all students is more important than maximizing overall engagement. Furthermore, a detailed understanding of class demographics with respect to the number of students active on Facebook can help define which platform(s) to use in order to optimize independent engagement.
Privacy issues surrounding Facebook's educational use are also prevalent (Cain, 2008; MacDonald, Sohn, & Ellis, 2010) . Although Facebook continues to change its privacy regulations, such changes can have unintended and unpredictable consequences for sharing and disclosing information (Christofides, Muise, & Desmarais, 2009) . Although undergraduate students show little concern regarding such issues (Christofides et al., 2009; Debatin, Lovejoy, Horn, & Hughes, 2009) , privacy concerns certainly contribute to the hesitancy of higher education professionals in using Facebook as a learning management system and/or learning environment (Cain, 2008) . However, when used informally, privacy issues regarding academic property should be of less concern. Although educators may not want to share personally developed material through platforms like Facebook in the interest of academic confidentiality, additional external material can be easily shared. Furthermore, given Facebook's personal privacy settings and the closed group option, instructors need not worry about their students or other strangers being able to access their personal information (Facebook, 2015) .
Instructor involvement also becomes a concern when providing students with additional material to engage with. Before sharing, instructors need to read material and insure that it is relevant and of sufficient quality before providing it to students. Furthermore, when sharing material through multiple platforms, the physical process of sharing material can become time consuming. Using multiple platforms in itself may also be a negative approach. Anecdotally, one student suggested that sharing material on many platforms was overwhelming and felt as though I was spamming them. Consequently, it is critical to understand the most efficient platform for engaging students with additional material to reduce instructor workload and avoid negative aspects of sharing material through too many avenues.
Since Facebook is most often used for social purposes (i.e., chatting/connecting with friends), online multitasking is also a concern. Sana, Weston, and Cepeda (2013) reported that online multitasking can result in hindered learning, as students engaging in online multitasking showed decreased comprehension of lecture material (as measured by test scores), while laptop use itself in the classroom can diminish in-class learning (Fried, 2008) . As such, the formal use of Facebook, particularly in the classroom, may be more harmful than helpful. Although linked to diminished lecture comprehension (Sana et al., 2013) and reduced engagement outside of Facebook (Junco, 2011) , however, the impact of online multitasking on the comprehension of online material (e.g., additional material shared on Facebook) has yet to be determined. It is also plausible that the use of Facebook outside of the classroom may not have the same impact on comprehension as it does in the classroom. The degree of comprehension and learning through additional material shared on Facebook may be low if students are more interested in, for instance, what their friends are doing on the weekend. However, the results of this study suggest otherwise, given that 23% of the class engaged to the fullest extent on the Facebook group. Furthermore, such multitasking on Facebook may actually be of benefit to some students outside of the classroom. Anecdotally, one student stated that an interesting post from the class group appeared at random in their Facebook newsfeed as they were using Facebook for social purposes and motivated them to read and engage with the material, rather than interacting socially with friends. Future studies are now needed to determine whether or not online multitasking hinders online material comprehension and whether Facebook use outside of the classroom has the same impact on comprehension as it does in the classroom. 
Conclusion
The results of this study suggest that Facebook can be used as an online tool for enhancing and optimizing the independent engagement of undergraduate students in a first-year undergraduate science class. This is likely a reflection of the widespread use of Facebook among undergraduate students and hence its convenience and familiarity. However, a detailed understanding of class demographics and knowing what platform is most convenient for a given group of students appears to be of utmost importance in optimizing independent online engagement. The apparent correlation between engagement and academic performance suggests that performance may be a predictor of engagement, or that online engagement may serve to enhance individual course marks-however the specific causal relationship within this correlation requires further assessment. Ultimately, this study suggests that Facebook can be used to enhance extracurricular engagement in a higher education setting and can be beneficial to university students beyond the scope of achievement scores.
